The large-scale ocean-atmosphere patterns that in uence the i n terannual variability o f Caribbean-Central American rainfall are examined. The a tmospheric circulation over this region isshaped by t he competition between the north A tlantic subtropical high sea level pressure system and t he eastern Paci c intertropical convergence zone (ITCZ), which i n u e n c e t he c o n vergence patterns on seasonal and i n terannual timescales.
Introduction
Relevant w ork regarding t he large-scale circulation patterns associated with extremely dry or wet conditions in the Caribbean basin dates back t o t he 1970s, when the sparseness of the d ata was necessarily compensated by observational insight. Hastenrath (1976 Hastenrath ( , 1978 Hastenrath ( , 1984 averaged normalized rainfall records at 4 8 s t ations in Central and northern South A m erica that c o llected data o ver the period . He used these as a guide t o composite t he sea level pressure (SLP) and sea surface temperature (SST) elds over the tropical Atlantic and e a s t ern equatorial Paci c Oceans, for the t en driest and t en wettest summers (July-August) and preceding w i n ters (January-February). Hastenrath observed an anomalously dry summer to be accompanied by lower SLP and higher SST in the e q u a torial Paci c, unmistakable signatu r e o f a n o n going w arm ENSO event. At t he s a m e t ime, SLP was higher and S S T l o wer in the tropical Atlantic, an indication of an anomalously strong (or equatorward-displaced) North A tlanti c H i g h . I t i s i n teresting t o note h ere that t he v ariability w i t hin a mean annual cycle is governed by a m echanisms similar to t hat o f i n terannual variability (Hastenrath, 1984) . The s e c o n dary rainfall minimum in July-August is, in a mean annual cycle sense, explained in terms of a westward enhancement of the s u btropical high. The i n dication for the winter season preceding a d r y s u mmer is for an early southward displacement o f t he North A tlantic High, and stronger trade w i n ds, along with an equatorward shift of the e a s t ern Paci c ITCZ. The same p a tterns, with o pposite signs, are recovered for the a n o m alously wet case.
Even though an ENSO signature is unquestionably present i n t he p i c t ure drawn above, ENSO teleconnections with t he Caribbean region in the global surveys conducted by R o pelewski and Halpert (1987, 1989, 1996) and Kiladis and Diaz (1989) present a c o u nterpoint t o t he strong signals the s a m e a uthors nd i n o t her regions of the tropics, even ones farther away from the eastern Paci c source region. These studies detect a relatively weak tendency toward drier than average conditions in the Caribbean basin from July to October of year (0) 1 of a warm phase of ENSO. It is noted that t he s i g n al in the Caribbean basin-Central American region is weaker than the o n es in bordering regions. For example, drier than average July of year (0) Several recent s t udies trace teleconnections with ENSO on a subregional scale. As reported by C h en et al. (1997) , Jamaica is more likely to experience oods during May to J u l y of ye a r ( + 1 ) o f a w arm phase. Cuba, too (Cardenas and P erez, 1991 Naranjo, 1994 Naranjo, 1997 , is more likely to experience excessive rainfall during t he l a te winter (January to March of year (+1)) of a warm ENSO event. This anoma l y i s a ttributed to an increased occurrence of disturbances of midlatitude origin. The e ect of ENSO can further be complicated by t he p r e sence of topography, a s i n C o s t a Rica (Waylen et al., 1996) . In this last case, the i n tensi cation of the trade winds, from the Caribbean basin westward towards the e a s t ern Paci c ITCZ, observed during t he s u mmer of year (0) of a wa r m E N S O e v ent, acts i n c o n j u nction with t opographic uplift to increase rainfall totals on the Caribbean coast, while simultaneously decreasing t hem on the P aci c one. In other recent w ork, En eld and c o llaborators (En eld, 1996 En eld and Mayer, 1997 En eld and Alfaro, 1999) investigate t he r e l a tionship between SST in the A tlantic 1 The t erminology of Rasmusson and Carpenter (1982) is adopted here to i n dicate t he p h ases of a 'canonical' ENSO cycle. Year (0) is the calendar year that e n ds with a m ature SST anomaly in the c e n tral Paci c. Year (+1) is the y ear immediately following, which s t arts w i t h t he s a m e a n o m aly. and P aci c Oceans, and rainfall anomalies in the Caribbean-Central American region. They nd a stronger, less equivocal response to S S T v ariability i n t erms of rainfall when anomalies in the A tlantic and e a s t ern Paci c basins are of opposite s i g n s : w h en the eastern Paci c is colder and t he tropical Atlantic warmer, rainfall anomalies are positive i n t he M eso-American region.
In focusing t he a ttention on SST variability o n l y , En eld and M a y er (1997) present i n teresting evidence on the m o d ality w i t h w h i c h t he t wo basins interact. They nd t hat anomalies in the tropical Atlantic can be linked to a n o m alies of the same s i g n i n t he e a s t ern Paci c. Warmer than average Atlantic SST, particularly enhanced along t he l a titudinal band b e t ween 10 N a n d 20 N, west of 40 W, is associated with a r e d uction in the strength o f t he A tlantic northeasterly trades. It is also found t o f o llow w arm ENSO events w i t h a l a g o f a bout a s e a s o n , a n d t o b e most pronounced during t he spring. A pattern is thereby proposed in which t he t r o pical North
Atlantic and e a s t ern equatorial Paci c are both w arm, during a w arm ENSO event (or cold, during a c o ld ENSO event), with t he t r o pical North A tlantic lagging t he eastern Paci c by a few months.
The region comprising t he Caribbean basin and Central America, between 5 N a n d 2 5 N latitude, and 9 0 W a n d 6 0 W l o n gitude, is, precisely because of its geographical position, the natural candidate a s t he s t arting point i n t he i n vestigation of the i n teraction between the tropical North A tlantic and eastern equatorial Paci c ocean-atmosphere systems. We w i s h t o c l a r i f y t he role played by t he P aci c and A tlantic basins on the seasonality a n d i n terannual variability o f Caribbean rainfall, our ultimate g o a l b e i n g a b e t ter understanding o f t he tropical teleconnection between ENSO and t he A tlantic, and o f t he m o d es of climate v ariability i n ternal to t he A tlantic basin. The seasonal cycle of Caribbean rainfall is reviewed in section 3: the a p plication of Principal Component A n alysis to s t ation monthly climatologies permits an objective a n d s u ccint classi cation of the spatial and t emporal features of the a n n ual cycle of Caribbean rainfall.
The s t udy of interannual variability, a n d i t s d ependence on seasonality, a r e a p proached from two complementary points of view. In section 4, canonical correlation analysis (CCA) is used to i d entify the large-scale patterns of sea level pressure and sea surface temperature that best explain the s i m ultaneous patterns of interannual rainfall variability i n t he Caribbean-Central American region. Once these patterns are linked to t he w ell-known leading m o d es of interannual variability, i.e. ENSO on a tropic-wide scale, and t he N o r t h A tlantic high on a basin-wide scale, an attempt is made t o separate t he r o les of the P aci c and A tlantic basins. This is done, in section 5, by d r a w i n g correlation maps of the s t andard climatological variables, SLP and SST, with i n dices of the s t ate o f t he e a s t ern Paci c (NINO3 2 ) a n d A tlantic (North A tlantic High SLP 3 ) basins. The a n alyses in sections 4 and 5 are carried out separately for each t wo-month period. It is the comparison of consecutive correlation maps that a l l o ws the a uthors to construct a dynamical explanation for the e v olution of climate a n o m alies. A discussion section follows.
2. Data a n d M ethods a. data NOAA NCDC GCPS station records of monthly rainfall accumulated (Baker et al., 1994) are analyzed to c haracterize the seasonal and i n terannual variability of Caribbean rainfall. We 2 NINO3 is de ned as the a verage SST in the e a s t ern Paci c box 5 S t o 5 N, 150 W t o 9 0 W. 3 We d e ne SLP averaged over the region between 20 N a n d 4 0 N l a titude, and 6 0 W a n d 3 0 W longitude, to be our 'North A tlantic High' index. selected 188 stations located in Central America, the A n tilles, and n o r t hern South A m erica, on the basis of geographical location and l e n gth of record. Only those stations between 5 N a n d 25 N, and 9 0 W a n d 6 0 W t hat h ave a t least 25 years (300 months) of data b e t ween 1900 and 1995 are kept. From an inspection of the v ariability i n t he n umber of stations collecting d ata a t any t ime, it is concluded that only the period between 1951 and 1980 provides a spatial coverage su cient t o c haracterize the climatic v ariability o ver the e n tire basin. With regards to S L P and SST, the r e s u l ts o f t he r e d uced-space optimal interpolation technique (Kaplan et al., 1997 (Kaplan et al., , 2000 applied to t he C O ADS SLP (Slutz et al., 1985) and MOHSST5 SST (Bottomley et al., 1990) elds are used in the domain comprising l a titudes 35 S t o 4 5 N, and longitudes 150 W t o 15 E. The e n tire length o f t he S L P a n d SST record (mid-19th c e n tury to t he p r e s e n t) is used in carrying o u t t he a n alyses discussed in section 5, whereas canonical correlation analysis (section 4) is restricted to t he 1951-80 period common to t he rainfall dataset.
All the s t eps in analysing t he i n terannual variability (subject of sections 4 and 5 ) a r e carried out separately for each bimonthly interval (January-February, March-April, May-June, July-August, September-October and N o vember-December) . This compromise between monthly mean and seasonal or annual mean calculations is thought t o best t the seasonal variability o f the Caribbean basin. It is chosen having i n m i n d t he a l ternation between relative rainfall maxima (in May-June a n d September-October) and minima (in July-August) during t he rainy season.
b. methods
We m ake e x t ensive use of multivariate a n alysis techniques (Preisendorfer, 1988 Peixoto a n d Oort, 1992 von Storch a n d N a varra, 1995). We a p ply principal component a n alysis (PCA) to the rainfall, SLP and SST elds separately, i n o r d er to i d entify their characteristic patterns of variability o ver the period common to a l l d atasets . We t hen combine t he elds, rainfall and S L P , a n d rainfall and SST, separately, in canonical correlation analysis (CCA). This allows us to d etermine p a tterns of covariability o f e a c h o f t he p r i m ary meteorological elds (SLP and SST), with t he (presumed) dependent eld (rainfall). We f o llow t he procedure described by Barnett a n d Preisendorfer (1987) , also summarized in Bretherton et al. (1992) , and a p plied in Wallace et al. (1992) .
In CCA it is common to a p ply a statistical criterion to retain only as many m o d es as are necessary to reproduce a certain threshold total variance. Here our foremost interest is to understand t he dynamics that l i n k t he p a tterns of SLP and S S T t o rainfall, and a more stringent criterion is applied. In the SLP-SST case, only those modes recognizable as well-known, largescale modes of variability are kept with t he exception of SST in July-August, they coincide with those modes that are statistically separable following N o r t h's rule (North et al., 1982) . In the rainfall case, only those modes that could be statistically separated following N o r t h's rule are retained. PCA of rainfall, SLP and SST is performed over the common period , and Singular Value Decomposition (SVD) is applied to t he leading m o d es obtained from PCA.
Annual cycle of Caribbean rainfall
Climate i n t he Caribbean basin can be classi ed as dry-winter tropical (Rudlo , 1981) , with signi cant s u b-regional variations in annual totals, length o f t he r a i n y s e a s o n a n d t iming o f rainfall maxima. The climatological annual mean rainfall, averaged over all the 188 stations selected, is 1618 millimeters per year. It exceeds 2000 millimeters per year in Costa Rica and along t he Caribbean coast of Honduras, and i s l e s s t han 600 millimeters per year along the V enezuelan coast west of Caracas, and just north o f i t , i n t he N e t herlands Antilles. The variance about t he m ean can be as large as the m ean itself.
The salient f e a tures of the annual cycle are e ciently summarized by Principal Component Analysis (PCA) of the s t ations' mean monthly climatologies (Stidd, 1967) (Figure 1 A May to October rainfall regime, when the s p a tial loading a s s o c i a ted with t he di erence between P C s 2 a n d 3 i s n egative, is typical of the C e n tral American stations, and o f t he S o u th A m erican stations east of the Cordillera de M erida i n V enezuela. A regime c haracterized by a pronounced mid-summer break in rainfall accumulations, when projection onto t he di erence between PC 2 and PC 3 is positive, is typical of the i n terior of the basin, i.e. the s o u thern coasts of Jamaica and Hispaniola, and northwestern South A m erica. A regime c haracterized by a late-fall peak in rainfall, when projection onto t he s u m o f P C 2 a n d PC 3 is positive, is typical of the Caribbean coast of Honduras, as well as the northern coasts o f J a m aica and H i s p a n i o la, of Puerto Rico and of the Lesser Antilles.
The picture just drawn is the result o f t he i n teraction between the complex topography, (Riehl, 1945 Burpee, 1972 , propagate a c r o s s t he A tlantic Ocean into t he Caribbean basin from mid-June to early October (Burpee, 1972) . On the e a s t ern Paci c side, rainfall is associated with t he meridional migration of the ITCZ. The a n n ual component o f s u ch migration dominates over the semiannual one (Mitchell and W allace, 1992) , and t he e ect is to s t r o n gly favor the northern hemisphere in terms of total rainfall amount. Once the ITCZ has moved o the e q u a tor to t he north, after the s p r i n g equinox, feedback m echanisms b e t ween the c o n verging trade w i n ds and SST maintain it to t he north o f t he e q u a tor through the fall equinox (Mitchell and W allace, 1992) . This convergence of moisture toward the northern hemisphere, from July to October, constitutes the C e n tral American monsoon.
To s u mmarize the d escription of the large-scale atmospheric circulation surrounding t he Caribbean,and i t s e ect in terms of rainfall: conditions favorable to c o n vection (warm SST, deep, unstable boundary layer, easterly propagati o n o f d i s t urbances, convergence of winds toward the basin from both s i d es, Atlantic and P aci c) dominate t he region during t he w arm season (May to October). The mid-summer break is associated with t he t emporary intensi cation of the North Atlantic High (Portig, 1965 Hastenrath, 1976 , which strengthens subsidence over the basin (Kna , 1997) . During t he c o ld season (November-April) subsidence dominatesthe region, sti ing convection. With t he exception of the 'northwestern corner', which is a ected by extratropical climate v ariability d uring t his time o f t he y ear, this results in a dry winter season.
The in uence of Atlantic and E a s t ern Paci c climate v ariability on Caribbean rainfall a. principal component analysis of SLP, SST and rainfall
As previewed in section 2, SLP, S S T a n d rainfall are pre-ltered by m eans of PCA, computed over the y ears 1951-80, prior to t he a p plication of SVD. The t otal variance explained by t he SLP, SST, and rainfall principal components selected is summarized in Table 1. PC 1 of SLP strongly correlates with t he NINO3 index, for all bimonthly intervals except January-February (cf. Table 2, is anomalously high over the equatorial Atlantic. PC 2 of SLP is a tropical Atlantic mode. It correlates signi cantly with S L P a veraged between 15 S a n d 1 5 N l a titude, and 6 0 and 3 0 W longitude (cf. it more clearly projects o n to t he region comprised between 20 N a n d 4 0 N ( c f . T able 2, column 3), tracking t he seasonal migration of the s u btropical high.
PC 1 of SST (not shown) is an ENSO mode f o r t he July-August to J a n uary-February intervals (cf. (Moura and S h ukla, 1981 Servain and Merle, 1993 Chang et al., 1997 , is de ned here as the di erence between the S S T a n o m alies averaged over 5 N t o 2 5 N a n d 6 0 W t o 1 5 E, and o ver 20 S t o 5 N a n d 6 0 W t o 1 5 E. A dipolar pattern, with SST anomalies of contrasting s i g n i n t he tropical latitudes of the North and S o u th A tlantic, is recurrent in Principal Component A n alyses of SST (e.g. Houghton and
Tourre, 1992), and, in particular, in combined analyses of Atlantic SST and rainfall over the continental regions bordering it, e.g. Northeast Brazil (Moura and S h ukla, 1981) and t he S a hel (Lamb et al., 1986 Palmer, 1986 . However, its p h ysical existence and relevance to i n terannual climate v ariability i n t he A tlantic sector is currently being vigorously questioned. Even though a seductive m echanism for a dipolar oscillation has been proposed (Chang et al., 1997) , recent research (Houghton and T ourre, 1992 En eld and M a y er, 1997 En eld et al., 1998 Rajagopalan et al., 1998 Mehta, 1998 nds little evidence for a coherent t r o pical Atlantic signal.
Because Caribbean station rainfall is restricted to 3 0 y ears of data in order to r e c o ver a su cient s p a tial coverage of the A n tilles, Central and n o r t hern South A m erica, only the rst two m o d es are separable according t o N o r t h's rule (North et al., 1982) . The l e a d i n g m o d e (not shown) is relatively homogeneous throughout t he basin, with i n teresting c o n trasting signatures on the Caribbean coasts o f Y ucatan, Honduras and C o s t a Rica. In particular, the n o r t hern coasts of Yucatan and H o n duras have s i g n ature opposite t o t he r e s t o f t he basin in November-December and January-February, w h ereas the Caribbean coast of Costa Rica has signature opposite t o the P aci c coast in July-August and September-October. In pattern 2 (not shown), the s t ations exhibit a tendency to cluster on a sub-regional scale. Recurrent c l u s t ers are formed by t he islands of Jamaica, Hispaniola and Puerto Rico, by C o s t a Rica, by t he P aci c coast of Central America, by n o r t hern Honduras, and b y northeastern South A m erica.
b. canonical correlation analysis CCA is computed using t he rst three SLP or SST modes, and t he r s t t wo rainfall modes.
Together, these modes explain about 60% (SLP), 45% (SST), and 30% (rainfall) of the t otal variance of the respective elds. Results are displayed in gures 2 (SLP and rainfall) and 3 (SST and rainfall), in terms of heterogeneous correlation maps. We s h ow o n l y t hose pairs with CCA time coe cients t hat correlate a bove 0 . 3 5 o r b e t ter, which i s s t atistically signi cant a t t he 95% level (cf. Table 4 ).
The t wo S L P p a tterns obtained from CCA ( Figure 2 and see Table 5 ) can be broadly characterized as an inter-basin mode, and a n A tlantic mode. The i n ter-basin mode i s a z o n al oscillation, or seesaw, between the A tlantic and e a s t ern Paci c basins. When SLP over the eastern equatorial Paci c is lower than average, it is higher than average over the tropical North
Atlantic, a pattern associated with n egative rainfall anomalies for the bimonthly periods of July-August to January-February. W e w i l l r e t urn to t he dynamical interpretation of the seesaw pattern in the n ext section. The A tlantic mode i s s t atistically signi cant o n l y i n t he t wo-month periods of July-August, November-December, and J a n uary-February. It can be interpretedto a ect rainfall by in uencing t he direction of the moisture uxes in the region surrounding t he Caribbean, as well as subsidence directly above it. When, as in July-August, the p o s i t ive SLP anomaly is over the Caribbean, the Gulf of Mexico and N o r t h A m erica, rainfall anomalies in the Caribbean are generally negative. A plausible explanation, rst given by Hastenrath (1976) , is that h i g h er than average SLP in the w estern North A tlantic region is associated with a n o m alously strong subsidence over the basin. The notable exception in this picture is the Caribbean coast of Costa Rica: there, rainfall anomalies are positive, possibly a topographic e ect, as argued by W aylen et al. (1996) . Higher-than-average SLP o the east coast of North A m erica, as in NovemberDecember (not shown), can be interpreted as steering t he A tlantic moisture ux away from the Caribbean toward the northwest, and i s t hus also associated with n egative rainfall anomalies.
Lower-than-average SLP over the same region in the w i n tertime (January-February, n o t s h own) is seen to increase the moisture ux from the extratropical regions towards the n o r t hern portion of the Caribbean, and is associated with positive rainfall anomalies over the G r e a ter Antilles.
In the case of CCA of SST and rainfall (cf. Figure 3 and T able 5), the recurrent p a tterns are the tropical Atlantic SST dipole, with s o m ewhat stronger loading o n to t he North A tlantic, and ENSO. Percentages of the t otal variance of rainfall explained are shown in Table 5 . The ENSO mode is present d uring t he second h alf of the r a i n y season, in July-August, and SeptemberOctober (not shown): a warm eastern Paci c SST is associated with n egative rainfall anomalies in the Caribbean. In November-December(not shown) and January-February, a positive t ongue of warm waters extends from the eastern Paci c into t he Caribbean-western Atlantic basin. This situation resembles the w arming of tropical north A tlantic waters, delayed by a bout a season with respect to t he P aci c El Niño-related warming, as described by P an and Oort (1983) and En eld and Mayer (1997) . It is associated with strong n egative rainfall anomalies over the southern part of the region, in northern South A m erica a n d C o s t a Rica, and w eaker positive a n o m alies limited to t he northwestern corner of the basin, in November-December, and e x t ending t o t he , 1998 , Rajagopalan et al., 1998 , which views meridional gradients in surface temperature as the relevant v ariable, to b e r e l a ted to rainfall variability. T h e s a m e SST pattern can also be interpreted as the n atural follow-up to t he ENSO-related patterns described for the t wo-month periods preceding t he spring season.
(The correlation between the same t ime c o e c i e n t a n d t he December(0)-January(+1) NINO3 is 0.49). The w arming i n t he w estern Atlantic lags the P aci c warming b y a bout a season, peaking during t he spring after the m ature phase of ENSO. It is related to positive rainfall anomalies in the Caribbean at t he s t art of a new rainy season, as well as to concomitant n egative rainfall anomalies in the northeastern region of Brazil (Nobre and S h ukla, 1996) . The ENSO-related warming will be more thoroughly discussed in the n ext section.
ENSO and t he A tlantic Ocean
In this section we f o llow a strategy complementary to t he o n e carried out i n t he previous one. An attempt is made t o s i n gle out t he contribution of each basin to t he s t ate o f t he ocean-atmosphere system a ecting Caribbean rainfall. (not shown), and i s p a r t icularly strong d uring t he w i n ter months, e.g. January-February (+1). To clarify the association between SLP anomalies and t he anomalous surface circulation, we also analyze SLP and surface wind d ata f r o m t he NCEP-NCAR Reanalysis Project (Kalnay et al., 1996) . The correlation maps in Figure 5 are taken over a shorter time i n terval (1958 to 1997), but t he s a m e S L P p a tterns as during t he 1861-1990 period are reproduced. The seesaw in SLP is clearly identi able (contoured in Figure 5 ), both i n t he July-August (0) and J a n uary-February SLP is anomalously low o ver the basin, and convergence has extended from the Gulf of Mexico into t he Caribbean. In terms of wind a n o m alies, divergence away from the Caribbean basin, along a northeast-southwest axis, is evident i n t he July-August (0) and J a n uary-February (+1) correlation maps. Then, the cyclonic circulation around t he n egative SLP anomaly intensi es, and f o llows the c o n vergence pattern into t he Caribbean basin.
During t hese months the positive SLP anomaly center gradually shifts t o t he S o u th A tlantic.

This happens in conjunction with t he e s t ablishment o f a w ave-train-like p a ttern
As the E N S O e v ent dies down, during spring (+1), the anomalies in the a tmospheric circulation quickly adjust to t he n ewly established conditions. But t he SST anomalies, particularly the positive (in the case of a warm event) anomaly in the w estern tropical North A tlantic,persist beyond t he e v ent. The correlation of SST with December(0)-January(+1) NINO3 is still greater than 0.6 in the e n tire Caribbean basin during M a r c h-April (not shown) and May-June o f y ear (+1), period during w h i c h i t p e a k s . W e h ypothesize that t his SST anoma l y i s r e s p o n s i b le for the positive rainfall anomaly that w e n o t ice in the spring f o llowing a n E N S O e v ent, in a trend contrasting t he a n o m alous patterns preceding t he m ature ENSO phase. The SST anomaly is also pointwise statistically signi cant a t t he 99% con dence level (assuming t he points i n t he 130-year-long t ime series to b e i n dependent, since the correlation is computed separately for all bimonthly periods) in the e n tire tropical North A tlantic: a secondary maximum can be noticed along t he c o a s t s o f t he w est African states of Guinea and Sierra Leone. The correlation then weakens from July-August (+1) onwards, but i t s c haracteristic pattern (not shown), with t hree maxima, in the C a r i b b e a n , w estern South A tlantic, and o t he coast of Guinea, is still present in November-December (+1) maps. anked by a n o m alies of the o pposite p o larity o ver the northern ocean, near50 N (not captured in our analysis), and i n t he s u btropics, near 15 N' (Wallace et al., 1990) . In particular, the n egative correlation between the N o r t h A tlantic High index and SST in the tropical belt, between the equator and 2 5 N,persists f r o m t he w i n ter into t he f o llowing r a i n y season, with m aximum v alues, of the order of 0.4 or greater, around 1 5 N, 60 W. The a n o m alous anticyclonic circulation, and the a n o m alous SSTs can be linked together (e.g., Wallace et al., 1990 Cayan, 1992 Delworth, 1996 . The positive SST anomaly in the Gulf Stream region can be explained in terms of the anomalous northward advection of warm, moist air, to a c o lder ocean region, resulting i n reduced evaporation, hence an SST warming. The n egative SST anomalies to t he north a n d south can be explained in terms of stronger surface winds, westerly and e a s t erly, respectively, and increasing e v aporation leading t o SST cooling. However, it is di cult t o separate t he impact of thermodynamic processes and of advection of SST by anomalous wind-driven currents. In summary, a stronger than average North A tlantic High during t he w i n ter, or dry season, translates into c o o ler tropical North A tlantic waters, hence negative Caribbean rainfall anomalies, during the f o llowing s u mmer, or rainy season.
Turning t o t he
To t est the connections between SLP and S S T p a tterns over the eastern Paci c and
Atlantic oceans, and rainfall in the Caribbean basin, correlations between the c l i m ate i n dices suggested by t he a n alysis above, i.e. NINO3, and t he N o r t h A tlantic High index, and s t ation rainfall, were computed for the 1951-1980 interval. The correlation patterns are very similar to the rainfall patterns of CCA presented in Figures 2 and 3 . Correlations of the December(0)-January(+1) NINO3 index with rainfall, are negative o ver the e n tire basin during t he J u l y t o October months preceding t he m ature phase, in agreement w i t h R o pelewski and Halpert (1987) and Kiladis and Diaz (1989) , with t he exception of the Caribbean coast of Costa Rica, thus con rming w h at found locally by W aylen et al. (1996) . They are strongest, negative o ver northern South A m erica and t he Caribbean coast of Honduras, and positive o ver Cuba, during
Novemberto F ebruary. T h epositive correlation then spreads out from the northwestern corner to cover the e n tire basin in late spring, in agreement w i t h C h en et al. (1997) . Correlations with t he December-March North A tlantic High index are negative, and strongest during t he M a y -J u ne following t he w i n ter, over the A n tilles and n o r t heastern South A m erica, when the correlation between the North A tlantic High index and SST is also strongest negative, i.e. less rainfall is associated with c o o ler western Atlantic SST, brought a bout b y a stronger North A tlantic High.
Negative correlations persist into July-August.
Discussion and Conclusions
We s t arted this study with a canonical correlation analysis between rainfall over the Caribbean When SLP is higher than average in the A tlantic, and l o wer than average in the e a s t ern Paci c, the a tmospheric ow a t t he surface is divergent o ver the Caribbean basin, along a southwest-tonortheast axis, with convergence onto t he eastern Paci c ITCZ, to t he w est, and i n to t he tropical The C a r i b b e a n i s c a ught b e t ween the Gulf of Mexico, which i s w etter than average during warm ENSO events, and northern South A m erica, which is drier (Ropelewski and Halpert, 1987 , and t akes on characteristics of both regions during di erent p h ases of an event. We identify three actors: the tropical (seesaw) and extratropical (PNA-like) atmospheric responses to t he P aci c warming, and t he lagged ocean response in the tropical North A tlantic. These re- Atlantic climate v ariability, as exempli ed by t he r o le of the N o r t h A tlantic High, also is able to excite Caribbean rainfall variability. O n t his side of our domain of interest, atmospheric anomalies typically persist no longer than a season. An intriguing sign of atmospheric persistence is the p o s i t ive correlation between SLP during t he w i n ter months, and S L P h alfway through the Caribbean rainy season, in July-August, when an intensi cation of the s u btropical high shapes the break in the rainfall patterns (Hastenrath, 1976) . On the o t her hand, we n d A tlantic SST anomalies excited by t he SLP anomalies to persist on a time scale longer than one season.
In particular, SST anomalies excited during t he w i n ter-early spring period, are shown to last 1  32  25  32  27  29  31  2  20  19  16  22  23  17  3  14  10  12  9  9  10  SLP tot 66  54  60  58  61  58  SST 1  26  26  22  19  23  25  2  12  14  12  12  12  12  3  10  10  10  11  10 Table Captions   Table 1 . The percent o f t otal variance explained in each t wo-month i n terval by t he rst three principal components o f S L P a n d SST, and b y t he rst two principal components of rainfall (prcp). Table 2 . Correlations of the PCs of slp with relevant climatic indices. Column 1: P C 1 a n d NINO3, with NINO3 averaged over Dec(0)-Jan(+1). Column 2: P C 2 a n d t r o pical Atlantic slp, averaged between 15 S a n d 1 5 N, and 6 0 W a n d 3 0 W. Column 3: PC3 and t he N o r t h A tlantic High Index. Correlations in columns 2 and 3 a r e s i m ultaneous. Table 3 . Correlations of the PCs of SST with r e l e v ant climatic indices. Column 1: P C 1 a n d NINO3, averaged during December (0)-January (+1). '(0)' and '(+1)' denote bimonthly periods belonging t o year (0) and ( + 1 ) o f a n e v ent, respectively. Columns 2 and 3: PCs 2 and 3 a n d t he A tlantic SST Dipole Index (see text for a de nition). Correlations in columns 2 and 3 are simultaneous. Table 4 . Correlations between the CCA time series for the slp or SST mode a n d t he corresponding rainfall mode. Modes denoted by a n a s t erisk are shown in gures 2 and 3 . Table 5 . The percent o f t otal variance of rainfall explained in each t wo-month i n terval by t he m o d es of CCA of SLP/SST and rainfall.
